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7RZDUGVDPHPEUDQHSURFHVVEDVHGSDUWKWRFRQFHQWUDWHZLOORZH[WUDFW
.9&KULVWHQVHQ0/2KP9*+RUQ
8QLYHUVLW\RI6RXWKHUQ'HQPDUN'HQPDUN3DOVJDDUG$6'HQPDUN
,QWURGXFWLRQ
([WUDFWVIURPZLOORZKDYHEHHQNQRZQDVDQDQDOJHVLFDQWLS\UHWLFDQGDQWLLQIODPPDWRU\GUXJ
IRURYHU\HDUV6LQFHWKHVWKHPDLQWKHUDSHXWLFDOO\HIIHFWKDVEHHQDVVRFLDWHGZLWK
WKHFRPSRQHQWVDOLFLQHLVRODWHGIURPWKHH[WUDFWDQGIURPVROGLQWKHIRUPRIVDOLF\OLFDFLG
DV $VSLULQ $VSLULQ EHORQJV WR WKH JURXS RI 1RQ6WHURLG $QWLLQIODPDWRU\ 'UXJV 16$,' VROG
DURXQGPRVWRI WKH*OREHDVFRXQWHUGUXJUHTXLULQJQRPHGLFDOSUHVFULSWLRQ$VSLULQ LVRQHRI
WKHPRVWVROG16$,'ZRUOGZLGHDQGKDVVKRZQWREHDFKHDSDQGHIIHFWLYHSDLQUHOLHYHUDQG
DQWLLQIODPPDWRU\DJHQW8QIRUWXQDWHGO\LWKDVDOVREHHQVKRZQWRKDYHXQZDQWHGVLGHHIIHFWV
,W LV VXVSHFW RI FDXVLQJ EOHHGLQJ DQG SHUIRUDWLRQ RI WKH JDVWURLQWHVWLQDO V\VWHP DQG LW LV
HVWLPDWHG WKDW DURXQG  GHDWKV DQG  KRVSLWDOLVDWLRQV LQ WKH 86$ DORQH FDQ EH
DWWULEXWHGWR16$,'LQWDNH>@7KHUHIRUHDQDOWHUQDWLYHZLWKOHVVVLGHHIIHFWVLVGHVLUDEOH
7KHREYLRXVVWDUWLQJSRLQWLVWRJREDFNWRWKHRULJLQDOH[WUDFWIURPZLOORZVDOL[VSS$SDUWIURP
VDOLFLQHDQGVDOLFLQHGHULYDWLYHVWKHH[WUDFWFRQWDLQVIODYRQRLGVDQGFRQGHQVHGWDQQLQV>@
([SHULPHQWVFDUULHGRXWZLWKZLOORZH[WUDFWVVKRZWKDW WKHH[WUDFWVKDYHKLJKHUDQDOJHVLFDQG
DQWLLQIODPPDWRU\HIIHFWVWKDQZRXOGEHH[SHFWHGLIRQO\VDOLFLQHZRXOGEHUHVSRQVLEOHIRUWKHVH
HIIHFWV >@ >@ $W WKH VDPH WLPH WKH VLGH HIIHFWV DVVRFLDWHG ZLWK $VSLULQ ZDV FRQVLGHUDEOH
UHGXFHG7KLVLQGLFDWHVWKDWZLOORZH[WUDFWLQLWVHOIKDVSRWHQWLDODVDIXWXUH16$,'EXWDOVRWKDW
V\QHUJHWLF HIIHFWV EHWZHHQ WKH FKHPLFDO FRQVWLWXHQWV RI WKH H[WUDFW LV LPSRUWDQW 7KXV ZKHQ
SURGXFLQJ D SRWHQWLDO 16$,' IURP ZLOORZ H[WUDFW UHFRYHULQJ PRVW LI QRW DOO WKH H[WUDFWHG
FRPSRQHQWVLVRILPSRUWDQFH
7KLV SDSHU GHVFULEHV WKH XVH RI D FRPELQDWLRQ RIPLFURILOWUDWLRQ 0) XOWUDILOWUDWLRQ 8) DQG
UHYHUVHRVPRVLV52DVSDUWRIDSDWKWRSURGXFHZLOORZH[WUDFWFRQFHQWUDWHV

([SHULPHQWDODQG0HWKRGV
$TXHRXVZLOORZH[WUDFWZDVGHOLYHUHGIURP1\9UDD%LRHQHUJL,63ULRUWR0)WKHZLOORZH[WUDFW
ZDVSDVVHGWKURXJKDȝPVLHYHWRUHPRYHPDMRUVROLGVOLNHOHDYHVDQGVWHPV
)RU WKH0)8)DQG52WKHH[SHULPHQWDOVHWXSFRQVLVWHGRID/DE6WDN0'66IURP$OID
/DYDOZLWKDSSURSULDWHH[WHUQDOFRROLQJV\VWHPWRNHHSWKHZLOORZH[WUDFWWHPSHUDWXUHFRQVWDQW
DURXQG&WRUHGXFHWKHULVNRIPLFURELDODFWLYLW\7KHSXUSRVHRIWKH0)LVWRUHPRYHPLQRU
IRXOLQJ FRPSRQHQWV DQG UHGXFH SRWHQWLDO PLFURELDO KD]DUGV )RU WKLV SXUSRVH D )602SS
$OID/DYDOPHPEUDQHZLWKDPHDQSRUHVL]HRIȝPZDVFKRVHQ7KH WRWDO ILOWUDWLRQDUHD
EHLQJP7KH8)VKRXOGUHPRYHYLUXVDQGHQGRVSRUHVEHIRUHWKH52FRQFHQWUDWLRQ$Q
$OID/DYDO*533PHPEUDQHZLWKD0:&2RIZDVFKRVHQIRU WKLVRSHUDWLRQDVQRQH
RIWKHNQRZQEHQHILFLDOIODYRQRLGVWDQQLQVDQGVDOLFLQHGHULYDWLYHVKDVDPROHFXODUVL]HFORVHWR
WKLV0:&27KH WRWDO8)ILOWUDWLRQDUHDZDVP7KH52FRQFHQWUDWLRQZDVSHUIRUPHG
XVLQJDQ$OID/DYDO52S+WPHPEUDQHWKHWRWDOPHPEUDQHDUHDEHLQJP
$VDQLQGLFDWRUIRUWKHFRQWHQWRIVDOLFLQHGHULYDWLYHVVDOLJHQLQHZDVFKRVHQDQGIRUIODYRQRLGV
HSLFDWHFKLQZDVWULHG%RWKZDVDQDO\VHGXVLQJ+3/&ZLWKDQ89GHWHFWRU
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5HVXOWVDQGGLVFXVVLRQ
7KHGULYLQJ IRUFH IRU0)8)DQG52 LV WKH WRWDOSUHVVXUHGLIIHUHQFHPRGLILHGE\ WKHRVPRWLF
SUHVVXUHGLIIHUHQFHEHWZHHQUHWHQWDWHDQGSHUPHDWH7KXVWKHIOX[LQDOOFDVHVFDQEHUHODWHG
WRDQH[SUHVVLRQRIWKHIRUP
( )ǻȆǻ3PNIOX[- −⋅= 
ZKHUH NP LV DQ H[SHULPHQWDOO\ GHWHUPLQHGPDVV WUDQVIHU FRHIILFLHQW ZKLOH ǻ3 DQG ǻȆ LV WKH
WUDQVPHPEUDQH SUHVVXUH DQG RVPRWLF SUHVVXUH GLIIHUHQFH EHWZHHQ UHWHQWDWH DQG SHUPHDWH
UHVSHFWLYHO\ ,Q WKH SUHVHQW FDVH WKRXJK RQO\ IRU 52 LV WKH RVPRWLF SUHVVXUH GLIIHUHQFH RI
LPSRUWDQFH
7KH0)ZDVSHUIRUPHGZLWKDWUDQVPHPEUDQHSUHVVXUHRIEDU7KH0)SURGXFHGOLWUHRI
ZLOORZH[WUDFWSHUPHDWH'XULQJWKHILOWUDWLRQVHYHUHPHPEUDQHIRXOLQJZDVREVHUYHGOHDGLQJWR
DSHUPDQHQWIOX[GHFOLQHIURP/0+WR/0+RYHUWLPHHYHQZLWKDQLQWHUPHGLDWH&,3ZLWK
KRWZDWHUDS+1D2+VROXWLRQIROORZHGE\DS+FLWULFDFLGVROXWLRQDQGILQDOO\KRWZDWHU
7KH 8) SURFHVV IROORZLQJ WKH 0) ZDV SHUIRUPHG DW D WUDQVPHPEUDQH SUHVVXUH RI  EDU
'XULQJWKH8)DQLQLWLDOSHUPDQHQWIOX[GHFOLQHIURP/0+WR/0+ZDVREVHUYHG$IWHU&,3
D SXUH ZDWHU IOX[ RI  RI WKH FOHDQ PHPEUDQH IOX[ FRXOG EH UHHVWDEOLVKHG 'XULQJ WKH
UHPDLQLQJ 8) H[SHULPHQW QR IXUWKHU SHUPDQHQW IOX[ GHFOLQH ZDV REVHUYHG WKH IOX[ EHWZHHQ
&,3¶VEHLQJEHWZHHQDQG/0+$WRWDORIOLWUHVZLOORZH[WUDFWZDVSURFHVVHGOHDGLQJWR
OLWUHVRISHUPHDW
7KHILQDO52FRQFHQWUDWLRQZDVFDUULHGRXWDWDWUDQVPHPEUDQHSUHVVXUHRIEDU7KHZLOORZ
H[WUDFW WRWDO GU\PDWWHU FRQWHQW '0 FRXOG EH LQFUHDVHG IURP  WR DPD[LPXP RI  DW
ZKLFKWKHSHUPHDWHIOX[EHFRPHVFORVHWR]HURDVVHHQIURPILJXUH)XUWKHUWKH'0DQGWKH
VDOLJHQLQH FRQFHQWUDWLRQ IROORZHDFK RWKHU FORVHO\ LQGLFDWLQJ OLWWOH RU QR ORVV LQ WKH FRQWHQW RI
HVVHQWLDOFRQVWLWXHQWVLQWKHZLOORZH[WUDFWFRQFHQWUDWHVHILJXUH
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
)LJXUH52FRQFHQWUDWHGU\PDWHUDQGVDOLJHQLQHFRQWHQWDVDIXQFWLRQRI52SURFHVVLQJWLPH

&RQFOXVLRQ
8VLQJDFRPELQDWLRQRI0)8)DQG52LQGXVWULDOFRQFHQWUDWLRQRIZLOORZH[WUDFWIURP'0
WR'0 LV SRVVLEOH+LJKHU IOX[HV WKRXJKZRXOGEHQHFHVVDU\ IRU WKH52SURFHVV7KLV
FRXOG EH REWDLQHG ZLWK 52PHPEUDQHV DEOH WR ZLWKVWDQG KLJKHU WUDQVPHPEUDQH SUHVVXUHV
)XUWKHUDKLJKHUHQGFRQFHQWUDWLRQZRXOGEHGHVLUDEOH7KLV FRXOGEHDWWDLQHG E\ LQFOXGLQJD
PHPEUDQHGLVWLOODWLRQVWHSDVWKHILQDOFRQFHQWUDWLRQVWHS

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